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 ABSTRACT 
 Change in lifetime milk yield is an important com-
ponent of the cost of diseases in dairy cows. Knowl-
edge of the likelihood and scale of potential savings 
through disease prevention measures is important to 
evaluate how much expenditure on control measures 
is rational. The aim of this study was to assess the 
association between somatic cell count (SCC) at 5 to 
30 d in milk during parity 1 (SCC1), and lifetime milk 
yield for cows in Irish dairy herds. The data set studied 
included records from 53,652 cows in 5,922 Irish herds. 
This was split into 2 samples of 2,500 and 3,422 herds 
at random. Linear models with lifetime milk yield and 
first-lactation milk yield as the outcomes and random 
effects to account for variation between herds were 
fitted to the data for the first sample of herds; data 
for the second sample were used for cross-validation. 
The models were developed in a Bayesian framework 
to include all uncertainty in posterior predictions and 
parameters were estimated from 10,000 Markov chain 
Monte Carlo simulations. The final model was a good 
fit to the data and appeared generalizable to other Irish 
herds. A unit increase in the natural logarithm of SCC1 
was associated with a median decrease in lifetime milk 
yield of 864 kg, and a median decrease in first-lactation 
milk yield of 105 kg. To clarify the meaning of the 
results in context, microsimulation was used to model 
the trajectory of individual cows, and evaluate the 
expected outcomes for particular changes in the herd-
level prevalence of cows with SCC1 ≥400,000 cells/mL. 
Differences in mean lifetime milk yield associated with 
these changes were multiplied by an estimated gross 
margin for each cow to give the potential difference in 
milk revenue. Results were presented as probabilities 
of savings; for example, a 75% probability of savings of 
at least €97 or €115/heifer calved into the herd existed 
if the prevalence of cows with SCC1 ≥400,000 cells/
mL was reduced from ≥20 to <10 or <5%, respec-
tively, and at least €71/heifer calved into the herd if the 
prevalence of cows with SCC1 ≥400,000 cells/mL was 
reduced from ≥10 to <5%. The results indicate large 
differences in lifetime milk yield, depending on SCC 
early in the first lactation and the findings can be used 
to assess where specific interventions to control heifer 
mastitis prepartum are likely to be cost effective. 
 Key words:   dairy heifer ,  somatic cell count ,  lifetime 
milk yield 
 INTRODUCTION 
 Mastitis in primiparous cows early in their first lacta-
tion has been highlighted as a common problem that 
is economically important through its impact on their 
future productivity (Piepers et al., 2009; De Vliegher et 
al., 2012), which limits their ability to achieve genetic 
potential for milk yield. Increased SCC early in the first 
lactation (SCCel) has been associated with decreased 
milk yield throughout the entire first lactation (Coffey 
et al., 1986; De Vliegher et al., 2005b). This loss has 
been estimated in Belgian primiparous cows at 0.13 
kg/d for every unit increase in the natural logarithm-
transformed SCC measured between 5 and 14 DIM (De 
Vliegher et al., 2005b). The relationship between SCCel 
and cumulative milk yield in subsequent lactations is 
less clear. Coffey et al. (1986) reported that for cows in 
Virginia, the mean first-lactation milk yield decreased 
with increasing SCCel, and was 6,452, 6,050, and 5,696 
kg for groups of cows with SCCel <100,000, 100,000 to 
400,000, and >400,000 cells/mL, respectively. However, 
over subsequent lactations beyond the first, this trend 
did not continue and mean lactation milk yields were 
6,840, 7,241, and 7,163 kg, respectively, for the same 
groups (Coffey et al., 1986). Their study did not control 
for clustering of cows in different herds, any potential 
confounding variables, or importantly, how long cows 
survived. The effect of SCCel on lifetime milk yield has 
not otherwise been considered. This is an important 
omission, as it may not be until cows reach their second 
lactation that sufficient milk is produced to break even 
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on rearing costs, and the true cost of milk loss may 
extend further than the first lactation. For example, 
under Irish conditions, the cost of rearing to the point 
of calving is approximately €1,451 /heifer (Kennedy et 
al., 2011). Therefore, with an average margin over vari-
able costs of €0.17 /kg (Hennessy et al., 2011), 8,535 kg 
of saleable milk is required to break even, which likely 
requires >1 lactation. Furthermore, primiparous cows 
have yet to achieve their full adult weight and size; lac-
tation milk yield and hence financial return on invest-
ment increases in subsequent lactations (Madouasse, 
2009). Considering the impact on lifetime milk yield 
is, therefore, important to evaluate the total cost of 
SCCel, and aid decision making around mastitis control 
measures for heifers prepartum.
The aim of this study was to assess the association 
between SCC at 5 to 30 DIM during parity 1 (SCC1) 
and lifetime milk yield for cows in Irish dairy herds. A 
Bayesian approach was taken, and posterior predictions 
were used to evaluate the economic impact of the re-
sults on meaningful, intuitive scales, and for particular 
herd scenarios.
MATERIALS AND METHODS
Data Selection
To be eligible for inclusion in the study, cows required 
an SCC recording between 5 and 30 DIM during parity 
1. Cows were initially selected from a data set of Irish 
dairy herds based on test-day recordings between 2005 
and 2009 that contained 233,176 cows in 7,423 herds. 
A sub-dataset of production records from 25% of these 
cows, with a record of SCC1 between January 2005 and 
March 2007, and with dates of birth available was then 
created. Cows with age at first calving (AFC) <700 
d were deemed at increased risk of culling because of 
dystocia (Berry and Cromie, 2009) and individual cows 
with AFC <700 d (6% of the total population) were 
discarded to remove this effect. For the selected cows, 
cumulative milk yields for all lactations up to July 25, 
2012, were determined based on a published method 
(Olori et al., 1999). These were summed to give an 
estimate of lifetime milk yield for each cow over follow-
up times from 5.3 to 8.5 yr, based on the time from the 
first calving to the end of the study period for each cow. 
The selected data set included records from 53,652 cows 
in 5,922 herds. Random samples of 2,500 (samp_1), 
and 3,422 (samp_2) of these herds were selected using 
R software (R Development Core Team, 2010) and the 
data for all 22,023 and 31,629 eligible cows in samp_1 
and samp_2, respectively, were collated. The statistical 
models were fitted to samp_1, and samp_2 was used for 
cross-validation; sample sizes were determined based 
on the computational constraints imposed by these 
procedures. Median, and interquartile range (IQR) for 
lifetime milk yield, first-lactation milk yield, proportion 
of cows surviving lactations 1 and 4, and SCC1 were 
determined for each sample, stratified by subgroups 
based on SCC1 (group 1: <55,000 cells/mL; group 2: 
55,000 to 149,000 cells/mL; group 3: 150,000 to 400,000 
cells/mL; group 4: >400,000 cells/mL).
Statistical Analysis
The outcomes used were lifetime milk yield, or first-
lactation milk yield (yij) for the ith cow in the jth herd. 
Random effects models were developed for samp_1; 
these took the following form:
yij = α + Xij β1 + Xj β2 + uj + eij, 
 u normalj u~ , ,0
2σ( )  
 e normalij e~ , ,0
2σ( )  
where α = intercept value; Xij = matrix of exposure 
variables for each cow; β1 = vector of coefficients for 
Xij; Xj = matrix of exposure variables for each herd; β2 
= vector of coefficients for Xj; uj = a random effect to 
account for residual variation between herds, assumed 
to be normally distributed, with mean = 0 and variance 
= σu
2
; and eij = residual level 1 error, assumed to be 
normally distributed, with mean = 0 and variance = 
σe
2
. Somatic cell count 1 was the exposure of interest for 
each cow, and was included on a natural logarithmic 
scale. To focus attention on the prepartum period for 
the control of heifer mastitis, only confounding vari-
ables deemed to be operating by 30 DIM during parity 
1 were selected. De Vliegher et al. (2005b) identified 
DIM at the first recording as a confounding variable 
between SCCel and first-lactation milk yield. There-
fore, polynomials for the natural logarithm of AFC and 
DIM at the first recording were investigated for inclu-
sion. Due to the importance of seasonal production to 
Irish dairy herds (Archer et al., 2013a), month and year 
of first calving were included as categorical terms. Bio-
logically plausible interactions and herd-level random 
slopes (herd × fixed effect interactions) were assessed. 
Initial values for all covariates were generated using 
MLwiN software (Rasbash et al., 2012), with the itera-
tive generalized least squares procedure (Goldstein, 
2003). To facilitate posterior predictions that incorpo-
rated all uncertainty in parameters, the models were 
developed in a Bayesian framework using WinBUGS 
1.4.3 software (Lunn et al., 2000). Parameters were es-
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timated from 10,000 Markov chain Monte Carlo simula-
tions, following a burn-in of 1,000 simulations, during 
which time chain convergence occurred [determined by 
visual inspection of 3 chains to ensure that a stationary 
distribution had been reached (Gilks et al., 1996)]. 
Vague prior distributions were used for σu
−2 ~gamma 
(0.001, 0.001), σe
−2 ~gamma (0.001, 0.001), and β ~nor-
mal (0, 106) to give the major influence to the data in 
the estimation of parameters (Green et al., 2004). Dis-
tributions of covariates and interaction terms were in-
spected; these remained in the model based on biologi-
cal plausibility, and if the 95% Bayesian credible inter-
val (BCI) excluded 0. Sensitivity of the results to prior 
distributions for the herd-level random effect variance 
(Spiegelhalter et al., 2004) was evaluated by repeating 
simulations using the prior σu
2 ~uniform (10−8, 108).
Model Checking
For both models, the posterior distribution of the 
mean residual from samp_1 was inspected to determine 
if the 95% BCI included 0, suggesting adequate model 
fit. To further evaluate fit and usefulness of the lifetime 
milk yield model (Gelman et al., 1996) that was used in 
the following microsimulation, fixed and random effects 
were used to predict cow life time milk yield (y.predij) 
as follows:
y.predij ~p(y.predij | β, samp_1, uj),
y.predij
xval ~p(y.predij
xval | β, samp_2),
where y.predij and y.predij
xval are posterior predictions 
of lifetime milk yield for the ith cow in the jth herd 
in samp_1 and samp_2, respectively; β is the vector 
of model coefficient distributions; and uj is the ran-
dom effect for the jth herd in samp_1. Predicted and 
observed mean lifetime milk yields were calculated for 
cows categorized by subgroups based on SCC1; these 
categories were not in the final models. Posterior pre-
dicted distributions of mean lifetime milk yield for 
cows in these groups were inspected to determine if the 
observed mean lifetime milk yields were within the 95% 
BCI of the posterior predictions, indicating the extent 
of model usefulness for predictions based on SCC1, and 
if the results could potentially be generalized to other 
Irish dairy herds (Gelman et al., 1996).
Microsimulation
To illustrate the impact of SCC1 on lifetime milk 
yield at herd level, and to demonstrate financial rel-
evance, a procedure known as microsimulation was 
used (Spiegelhalter et al., 2004). This method involves 
a simulation to model the trajectory of individual 
cows and, thus, evaluate the expected outcomes for 
particular scenarios, with all variability in the model 
parameters and dependence between variables included 
(Spiegelhalter et al., 2004). This method allows the im-
pact of SCC1 (the effect of interest) to be evaluated in 
the absence of confounding influences, as if a carefully 
controlled trial had been carried out. Therefore, the 
Bayesian model for lifetime milk yield was extended to 
include a one-step microsimulation for 1,000 theoretical 
cows with different characteristics, in herds with an ini-
tial prevalence of cows with SCC1 ≥400,000 cells/mL 
(SCC1_hi) of ≥20 and ≥10%. For each cow, values 
for the natural logarithm of SCC1 were drawn from 
normal distributions (determined from the initial data 
set) for herds grouped by SCC1_hi prevalence (Table 
1). To demonstrate the impact of achievable reduc-
tions in SCC1_hi prevalence on lifetime milk yield at 
herd level, herds with an initial SCC1_hi prevalence 
≥20% were deemed to reduce this to <10 or <5%, and 
herds with an initial SCC1_hi prevalence ≥10%, were 
deemed to reduce this to <5% (Table 1). To provide 
a straightforward comparison between different herd 
scenarios, all simulated cows had a first calving date in 
February 2005. At each of 10,000 Markov chain Monte 
Carlo simulations (following a burn-in of 1,000), final 
model coefficients were combined with data from the 
theoretical cows to generate predictions of lifetime milk 
yield for the ith cow in the jth herd (y.predij):
y.predij ~p(y.predij| β, X
sim),
where β is a vector of model coefficient distributions 
and Xsim is a matrix of data for simulated cows, in-
cluding a simulated value for the natural logarithm of 
SCC1, based on the herd-level prevalence of SCC1_hi 
(Table 1), and indicator variables to denote a first calv-
ing in February 2005.
Change in Revenue From Lifetime Milk Yield
At each iteration, mean lifetime milk yield for the 
simulated cows in each herd scenario was calculated. 
Differences in mean lifetime milk yield were multiplied 
by an estimated gross margin (milk price − variable 
costs of production), which was drawn from a normal 
distribution with mean = 0.17 €/L and variance = 
0.032 €2/L2 for each cow (Hennessy et al., 2011), to give 
the difference in expected revenue associated with re-
ductions in the prevalence of cows with SCC1_hi. Pos-
terior distributions of revenue change per heifer calved 
into the herd were plotted as a cumulative frequency 
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distribution to show the probability of different levels 
of financial return.
RESULTS
Descriptive Results
Summary measures were similar in samp_1 and 
samp_2 (Table 2). In samp_1, median lifetime milk 
yield (IQR) decreased from 23.8 (11.5 to 36.4) t for 
cows with SCC1 <55,000 cells/mL to 18.9 (8.7 to 31.9) 
t for cows with SCC1 >400,000 cells/mL. The median 
first-lactation milk yield (IQR) decreased from 5.5 (4.5 
to 6.9) t for cows with SCC1 <55,000 cells/mL to 5.2 
(4.2 to 6.5) t for cows with SCC1 >400,000 cells/mL. 
A trend was observed for decreased proportions of cows 
surviving beyond the first and fourth lactation with 
increasing SCC1 (Table 2).
Model Results
Unit increase in the natural logarithm of SCC1 was 
associated with a median decrease in lifetime milk yield 
of 864 (95% BCI: 706 to 1,024) kg, and a median de-
crease in first-lactation milk yield of 105 (95% BCI: 77 
to 133) kg (Table 3). The final models adjust for month 
and year of first calving. Cows that first calved in June 
2007, with mean natural logarithm of SCC1, were the 
baseline for comparison, although lifetime milk yield 
did not differ between the relatively few heifers that 
calved from April to August (95% BCI included 0). 
Heifers calving in January had the highest lifetime milk 
yield and produced a median of 5,550 (95% BCI: 4,055 
to 7,027) kg more milk than those calving in June. The 
next highest month of first calving was October and 
these heifers produced a median of 4,695 (95% BCI: 
2,944 to 6,449) kg more milk than those calving in June. 
Table 1. Frequency of 7,423 Irish dairy herds categorized by prevalence of cows with SCC11 ≥400,000 cells/
mL and mean and (variance) for the natural logarithm of SCC measured between 5 and 30 DIM for 233,176 
primiparous cows in these herds 
Item 
Herd-level prevalence of cows with SCC1 ≥400,000 cells/mL
≥10% ≥20% <5% <10%
Percentage of herds 55 19 25 45
ln SCC1 4.79 (1.52) 5.11 (1.78) 4.26 (0.80) 4.39 (1.04)
1First test-day SCC record between 5 and 30 DIM during parity 1.
Table 2. Descriptive results for subgroups of eligible Irish primiparous dairy cows,1 based on SCC between 5 and 30 DIM (SCC1); medians and 
interquartile range of SCC1 and lifetime milk yield; and proportions of cows surviving beyond the first and fourth lactation 
Group Variable samp_1 samp_2
SCC1 <55,000 cells/mL SCC1 (×1,000 cells/mL) 36 (26 to 45) 36 (26 to 45)
Lifetime milk yield (t) 23.8 (11.5 to 36.4) 22.4 (11.1 to 35.4)
First-lactation milk yield (t) 5.5 (4.5 to 6.9) 5.6 (4.5 to 7.0)
First-lactation survival 0.81 0.80
Fourth-lactation survival 0.16 0.15
Number of cows 6,481 8,807
SCC1 55,000 to 149,000 cells/mL SCC1 (×1,000 cells/mL) 85 (68 to 108) 86 (69 to 109)
Lifetime milk yield (t) 22.8 (11.1 to 35.2) 21.9 (10.7 to 35.1)
First-lactation milk yield (t) 5.3 (4.3 to 6.6) 5.4 (4.4 to 6.7)
First-lactation survival 0.81 0.80
Fourth-lactation survival 0.17 0.16
Number of cows 9,027 13,011
SCC1 150,000 to 400,000 cells/mL SCC1 (×1,000 cells/mL) 218 (176 to 286) 218 (176 to 286)
Lifetime milk yield (t) 21.3 (10.2 to 34.0) 20.3 (10.0 to 33.9)
First-lactation milk yield (t) 5.4 (4.3 to 6.6) 5.4 (4.4 to 6.7)
First-lactation survival 0.80 0.78
Fourth-lactation survival 0.15 0.14
Number of cows 3,841 5,812
SCC1 >400,000 cells/mL SCC1 (×1,000 cells/mL) 927 (570 to 1,725) 889 (571 to 1,704)
Lifetime milk yield (t) 18.9 (8.7 to 31.9) 19.2 (8.9 to 33.0)
First-lactation milk yield (t) 5.2 (4.2 to 6.5) 5.4 (4.3 to 6.6)
First-lactation survival 0.76 0.75
Fourth-lactation survival 0.13 0.14
Number of cows 2,674 3,999
1Includes eligible cows from 2,500 herds used for model development (samp_1) and 3,422 herds used for cross-validation (samp_2).
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In contrast, the first-lactation milk yield was highest 
for heifers calving from August to December (Table 3). 
Lifetime and first-lactation milk yields did not differ by 
year of first calving (95% BCI included 0). Inclusion of 
AFC had no substantive effect on the coefficient distri-
bution for the natural logarithm of SCC1. Decrease in 
AFC from 27 to 24 mo was associated with a median 
increase in lifetime milk yield of 760 (95% BCI: 602 to 
915) kg and was not associated with first-lactation milk 
yield (95% BCI included 0).
Model Checking
The posterior distribution of the mean residuals for 
samp_1 were normal, with medians of 6.0 (95% BCI: 
−242 to 247) kg and 0.3 (95% BCI: −43 to 43) for the 
outcomes lifetime milk yield and first-lactation milk 
yield, respectively. Therefore, the final models fitted 
the data on which they were developed. Predictions 
of lifetime milk yield for cows in samp_1 aggregated 
by SCC1 group also indicated good fit and, hence, 
this model was adequate for predictions in these herds 
(Figure 1). The final model for lifetime milk yield 
also appeared generalizable to other Irish dairy herds, 
as the observed mean lifetime milk yield for cows in 
samp_2 aggregated by SCC1 group was within the 
95% BCI of posterior predictions (Figure 1). There 
was ≤0.4% difference in the median and 95% BCI 
limits of the natural logarithm of SCC1 coefficient 
distribution when a uniform prior distribution for the 
herd-level random effect variance was used, and this 
had no substantive effect on interpretation of the final 
model results.
Microsimulation Results
Figure 2 shows the probability of different levels of 
potential revenue change for every heifer calved into 
the herd attributable to increased lifetime milk yield 
for various herd-level reductions in SCC1_hi preva-
lence. For example, a 75% certainty of savings of at 
least €97 or €115/heifer calved into the herd existed if 
the prevalence of cows with SCC1_hi was reduced from 
≥20 to <10 or <5%, respectively, and at least €71/
heifer calved into the herd if the prevalence of cows 
with SCC1_hi was reduced from ≥10 to <5% (Figure 
2). Therefore, for a herd that calves 20 heifers/yr, ≥4 of 
which have SCC1_hi, there would be 75% certainty of 
saving at least €1,940/yr if the number with SCC1_hi 
could be reduced to ≤1. Table 4 gives savings in further 
scenarios and at different levels of certainty for this 
example herd.
Table 3. Bayesian credible intervals from 10,000 simulations of the final models: outcomes of cow-level lifetime and first-lactation milk yields 
(kg) 
Item
Lifetime milk yield (kg) First-lactation milk yield (kg)
Lower  
2.5% Median
Upper  
97.5%
Lower  
2.5% Median
Upper  
97.5%
Exposure (baseline)
 Intercept −4,545 10,890 26,260 241 2,954 5,642
 ln SCC11 (4.65) −1,024 −864 −706 −133 −105 −77
 Mo of first calving (June)
  January 4,055 5,550 7,027 370 640 900
  February 2,978 4,396 5,786 −13 237 479
  March 1,523 2,936 4,353 −334 −83 167
  April −81 1,373 2,807 −568 −308 −55
  May −815 801 2,397 −664 −380 −99
  July −2,493 −19 2,400 446 876 1,307
  August −1,096 1,306 3,972 930 1,358 1,780
  September 1,315 3,147 4,948 946 1,270 1,586
  October 2,944 4,695 6,449 1,141 1,449 1,752
  November 1,973 3,827 5,750 904 1,226 1,551
  December 1,317 3,477 5,721 887 1,263 1,642
 Year of first calving (2007)
  2004 −3,865 11,790 27,520 −856 1,872 4,578
  2005 −5,605 9,646 25,010 −186 2,487 5,180
  2006 −8,010 7,305 22,660 −100 2,587 5,278
 ln AFC2 (6.71) −8,320 −6,906 −5,470 NA3 NA NA
Random effect SD
 Cow level 12,763 12,888 13,019 2,215 2,237 2,260
 Herd level 6,752 7,053 7,372 1,226 1,318 1,374
1First test-day SCC record between 5 and 30 DIM during parity 1.
2AFC = age at first calving (d).
3NA = not applicable.
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DISCUSSION
To the authors’ knowledge, this study is the first to 
demonstrate large differences in the lifetime milk yield 
of cows, depending on SCC early in the first lactation. 
The median decrease in lifetime milk yield of 864 kg/
unit increase in the natural logarithm of SCC early 
in the first lactation observed in this study (for ex-
ample, from 55,000 to 150,000 cells/mL, or 150,000 to 
400,000 cells/mL) incorporated a milk loss of 105 kg in 
the first lactation. For comparison, this is larger than 
the estimate made by De Vliegher et al. (2005b) of 
approximately 47 kg within 365 d of first calving per 
unit increase in the natural logarithm of SCC at 5 to 
14 DIM. Importantly, the analysis of De Vliegher et 
al. (2005b) was conditional on cows surviving the first 
lactation and, hence, showed the milk loss in affected 
primiparous cows that survived, likely associated with 
residual udder pathology, but excluding milk loss as-
sociated with premature culling.
Therefore, the decrease in lifetime milk yield was 
considerably more than the losses occurring in the first 
lactation. This highlights the usefulness of using cu-
mulative measures of milk yield, rather than test-day 
records alone, specifically to account for how long cows 
actually remain productive in addition to decreased 
milk production per se. High SCC early in the first 
lactation has been associated with premature culling of 
cows in both Irish (Archer et al., 2013b) and Belgian 
dairy herds (De Vliegher et al., 2005a) and this appears 
to cause financial losses mostly through a decrease in 
lifetime milk yield rather than through the additional 
replacement costs incurred with premature culling (Ar-
cher et al., 2013b).
Gelman et al. (1996) have proposed that demonstrat-
ing the extent to which models are useful, rather than 
Figure 1. Final model predictions of lifetime milk yield from 10,000 simulations and observed values in 2,500 Irish dairy herds used for model 
development and 3,422 separate Irish dairy herds used for cross-validation [grouped by SCC between 5 and 30 DIM during parity1 (SCC1): 
group 1: <50,000/mL; group 2: 50,000 to 149,000/mL; group 3: 150,000 to 400,000/mL; group 4: >400,000 /mL]; the horizontal bold line is the 
median; the surrounding box contains 50% of the data; the vertical whiskers extend to 1.5 times the interquartile range, and outliers are shown 
beyond this.
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absolute correctness, is a rational approach to model 
checking. Predictions of lifetime milk yield from the 
final model for groups of cows (based on SCC at 5 
to 30 DIM) were shown to be reliable. This not only 
demonstrated model fit, but that lifetime milk yield 
could also be predicted for cows from separate herds 
not used for model development and, therefore, that 
the results could be generalized to other Irish dairy 
herds. This justified the use of the microsimulation 
procedure (Figure 1).
We felt that it was important in this research to 
model lifetime milk yield using only those parameters 
available by 30 DIM during parity 1, specifically to 
focus attention on potential prepartum mastitis con-
trol measures for heifers. In particular, adjustment was 
made for seasonal variation by including month of first 
calving. The calving season for the majority of Irish 
dairy herds is from January to April (Archer et al., 
2013a) to allow best use of pasture for milk production. 
It can be hypothesized that calving earlier in the spring 
allowed optimal use of pasture (as herd energy require-
ments more closely matched feed supply). Therefore, 
January-calving heifers were possibly in better energy 
balance and easier to rebreed, increasing lifetime milk 
yield. A subset of Irish dairy herds calves cows in au-
tumn to supply domestic winter milk; this could ex-
plain the relatively high lifetime milk yields for heifers 
that calved in October, because such herds feed more 
concentrates for higher milk yields. This system may 
be favorable for first-lactation milk yield. In contrast, 
spring-calving primiparous cows may not have been 
able to make optimal use of pasture, particularly if 
stocking densities were high and they were competing 
with mature cows.
The results of this study demonstrate that SCC at 5 
to 30 DIM during parity 1 is an economically impor-
tant predictor of future productivity; at the herd level, 
this could provide timely warning that interventions 
to improve management for prepartum heifers are re-
quired (Table 4). The udder health of prepartum heifers 
appears important to the Irish dairy industry, as the 
majority of herds (Table 1; 55%) have the potential 
to increase revenue through reduction in the preva-
lence of primiparous cows with SCC ≥400,000 cells/
mL between 5 and 30 DIM. It was accepted in this 
research that not all milk loss attributable to mastitis 
can be recovered; economic simulations have focused 
on achievable reductions in the prevalence of high SCC 
early in the first lactation, based on observed values of 
herd prevalence (Table 1). With all possible variability 
in parameters included in predictions, it is highly likely 
savings would be accrued in the majority of Irish dairy 
herds through improving udder health early in the first 
lactation (Figure 2; Table 4). Additional increased 
revenue may be accrued through reduced incidence of 
clinical mastitis and decreased replacement costs, and 
these have not been included in the estimates. The sav-
ings presented do not account for the cost of interven-
tions to reduce the incidence of heifer mastitis; they 
should be considered as “scope for investment,” and ap-
plied to aid decisions on how much expenditure can be 
justified to control mastitis in prepartum heifers (Green 
et al., 2007, 2008). Importantly, for the simulated herd 
scenarios, it is very likely that savings of at least €50/
heifer calved into the herd would be achieved through 
reducing the prevalence of primiparous cows with high 
SCC between 5 and 30 DIM, although there appear to 
be upper limits on these savings (€140/heifer calved 
into the herd) for which the probability is close to 0, 
Figure 2. Microsimulation over 10,000 simulations; minimum sav-
ings per heifer calved into the herd attributable to increased lifetime 
milk yield associated with specific reductions in the herd-level preva-
lence of primiparous cows with SCC ≥400,000 cells/mL between 5 
and 30 DIM.
Table 4. Predictions for an example herd that calves 20 heifers/yr: 
probability of annual savings (€) through increased lifetime milk yield 
associated with reductions in the number of primiparous cows with 
SCC ≥400,000 cells/mL between 5 and 30 DIM 
Probability
Change in number of first-parity cows (/20)
≥4 to ≤1 ≥4 to 0 ≥2 to 0
>0.99 ≥1,560 ≥1,880 ≥1,060
0.75 ≥1,940 ≥2,300 ≥1,420
0.5 ≥2,100 ≥2,480 ≥1,560
0.25 ≥2,280 ≥2,680 ≥1,680
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but the amount invested ultimately depends on deci-
sion makers’ attitudes to risk (Figure 2; Table 4). This 
study, therefore, gives details on possible returns on 
investment, assuming the target reduction is achieved.
Interventions are farm specific, but should aim to 
optimize the cleanliness of prepartum heifers (Compton 
et al., 2007) through improvements to environmental 
hygiene (De Vliegher et al., 2004; Piepers et al., 2011). 
To aid decision making in practice, it would be useful 
to know the probability of different levels of revenue as-
sociated with specific management interventions. This 
would depend on knowing the likely impact of the inter-
vention on the prevalence of cows with SCC1 ≥400,000 
cells/mL and the intervention cost. For example, where 
prepartum heifers are housed, simply storing bedding 
materials inside rather than outside could reduce the 
odds of high SCC within 30 d of calving by 21%, as 
occurred in English and Welsh dairy herds (Green et 
al., 2008). The results from Green et al. (2008) related 
to individual animals and not the herd-level prevalence; 
however, the intervention cost is unlikely to exceed 
potential savings for the example herd (Table 4) and, 
therefore, could be cost effective if the prevalence of 
cows with high SCC between 5 and 30 DIM during 
parity 1 could be reduced. With permanent improve-
ments to farm infrastructure, savings may be ongoing 
and accumulate as subsequent cohorts of heifers calve. 
However, despite knowledge of risk factors for heifer 
mastitis (De Vliegher et al., 2012), information is lack-
ing on the cost and efficacy of specific interventions in 
terms of tangible outcomes for particular herds and this 
is an important area for further research, especially as 
herds expand. Investigation of differences in the man-
agement and environment of herds with varying preva-
lence of cows with high SCC early in the first lactation 
would be of use for identifying where herd-management 
changes should focus. Specific interventions could then 
be suggested for further evaluation based on the poten-
tial savings shown.
CONCLUSIONS
This study demonstrated that for cows in Irish dairy 
herds, SCC between 5 and 30 DIM during parity 1 
(SCC1) was negatively associated with lifetime milk 
yield. For the majority of Irish dairy herds with ≥10% 
prevalence of cows with SCC1 ≥400,000 cells/mL, large 
savings will likely be associated with improving udder 
health for prepartum heifers.
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